We discuss the composition dependence of a number of critical energy gaps in the Cu-based Hume-Rothery alloys CuZn, CuA1, and CuGe. Our computations, employing the Korringa-KohnRostoker coherent-potential approach, provide a remarkably simple and consistent explanation of a variety of available optical experiments on these systems. Polyvalent impurities are found to influence the spectrum of Cu in a manner which varies strongly from one solute to another.
I. INTRODUCTION
Since the pioneering observation of Hume-Rothery that the phase boundaries of the alloys of noble metals with polyvalent solutes are correlated with the electron per atom (e/a) ratio, these alloys have been the subject of numerous investigations.
A rigid-band picture has often been invoked in this connection. Here one assumes the alloy to possess a composition-independent band structure (frequently that of the host), which is filled to the appropriate e/a value. The optical-absorption experiments were among the earliest undertaken to gain a microscopic understanding of the electronic spectra of these alloys'; more sophisticated differential reflectivity ' (composition modulation) and piezoreflectance studies have been carried out in recent years. However, no substantial understanding of the rich and varied results of the aforementioned optical experiments exists at this time. Our purpose is to discuss the progress that can be made in this regard on the basis of the modern alloy theory. Insight into the controversial question of assigning spectral features to specific transitions is also obtained. The similarities and differences between the various optical experiments (i.e. , total absorption, differential reflectivity, and piezoreflectance) become clear. Different impurities are found to influence the spectrum of Cu in qualitatively different ways, in sharp contrast to a rigid-band-type model for these alloys. It is noteworthy that optical spectra contain information about energy gaps and hence about empty levels within a few eV above the Fermi energy. In contrast, most of the other techniques that have been used widely in connection with alloys (e.g. , photoemission, positron an- Figure 2 contains rather a large amount of information. For convenience, we will consider the differential reflectivity spectra (DRS) first. ' [The DRS is related to the derivative of e(co) with respect to the impurity concentration. ] This will be followed by a discussion of the piezorefiectance and the absorption results.
In Fig. 3 ' D moves to lower energies in CuZn, but to higher energies in the differential reflectivity spectra of CuGe.
(D turns out to be difficult to locate in CuA1. We comment on this point below. ) We assign D to the L2~L& transition. This is the only gap which shows striking, observed differences in its behavior in the various alloys. The computations are in good accord with measurements on D in CuZn [ Fig. 2(a) ]. In CuCJe, however, the nonlinear composition dependence in the data in the dilute limit is not well reproduced. Interestingly, L2 as well as L & both possess some nonlinear concentration dependence in CuGe, which is essentially canceled in the calculation of the transition energy. Since the peak intensity is proportional to the rate of change of the associated gap, the aforementioned nonlinearity in the DRS data should imply a similar rapid change in intensity around e/a =1.03.
Such an effect, however, is not seen in the measurements, suggesting that a more detailed analysis of the data may yield a less drastic nonlinearity than that shown in Fig.  2(c) .
The characteristic differences in the way the L2~L j gap changes in the various alloys result primarily from the behavior of L~level (L2 moves in a roughly similar manner in all three systems). ' We conclude the discussion of differential reflectivity measurements by commenting further on the question of observability of various critical gaps in this experiment.
The relevant factors in this connection are as follows: (1) The rate of change of transition energy with impurity concentration; (2) the disorder smearing of the associated levels; (3) the presence of other transitions in the same energy region; and (4) the oscillator strengths. As noted earlier, structures B and D overlap in energy, ' D is seen more clearly in CuZn and CuGe compared to CuAl, while B is seen in CuZn and CuA1 but not in CuGe. These results may be understood as follows. Although the composition dependence of the relevant gaps EF~L & and L2~L & is qualitatively similar in CuZn and CuA1, the difference for peak D is that the disorder smearing in CuA1 is substantially larger than in CuZn. In fact, D is difficult to locate in CuZn also for high Zn concentrations. The mechanism for D in CuGe, on the other hand, is quite different; the smearing in CuGe and CuAl is comparable, but the structure D is sti11 observable because it is not masked by B, which is absent due presumably to the weak composition dependence of EF~L~gap. Similar reasons of weak concentration dependence and the presence of other structures would make 6'~EF difficult to observe. The edge 6"~EF, however, continues to be clearly visible, despite its relatively slow variation, because it is not masked by other transitions. Finally, X5~X4 is probably not seen, owing primarily to its weak oscillator strength. ' In turning to the piezoreflectance data, we note that the piezoreflectance and differential reflectivity experiments involve different modulation parameters (i.e. , stress versus impurity concentration). Therefore, a gap which is unresolved in one experiment can, in principle, become observable in the other. Staines has recently reported piezoreflectance measurements of a number of gaps in the present alloy systems. Figure 2 shows 
